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Abstract

A novel edge-preserving denoising method for MR im-
ages is proposed. Local statistical homogeneity testing
is combined with the well-known for structure preserving
properties, Non Local Means (NLM) denoising method.
The detection of homogeneity reduces remarkably the com-
putational effort required by NLM which is applied only to
information-rich image areas. Preliminary qualitative re-
sults on fetal and cardiac MR images are shown. These
initial results are positive proving the effective noise re-
duction with less computational load.

1. Introduction

Despite the fact that MR acquisition technology has un-
dergone substantial improvements over the last years, ran-
dom noise is still one of the main causes of image qual-
ity degradation. Effective noise reduction is still the first
step in almost all image processing tasks, because noise
affects all subsequent computations causing the introduc-
tion and propagation of errors thus limiting the accuracy
of quantitative measurements. In addition, noise degrades
the diagnostic value of medical images since it limits the
benefits of their visual inspection. The common drawback
of all existing denoising techniques is that, although they
effectively remove noise, they also alter the image infor-
mation content by modifying the image areas where abrupt
intensity changes occur (edges). Thus, edge-preservation
is considered an important feature of a successful denois-
ing method and extensive research effort has been devoted
towards this direction.

In addition, the introduction of new technologies like
multiple coil acquisition (parallel MRI) and the use of new
reconstruction techniques , affects the statistical character-
istics of noise thus imposing new research problems and
challenges concerning its estimation and reduction [1].

In this study, a novel edge-preserving denoising method
for MR images is proposed and investigated. In Section 2,
after the presentation the of the statistical homogeneity test

(subsection 2.1) and the standard NLM method (subsec-
tion 2.2), the proposed denoising method is described and
analyzed. Finally, preliminary qualitative results on syn-
thetic and real (fetal and cardiac) MR images are shown
and discussed.

2. Methods

In the proposed image denoising method, statistical ho-
mogeneity testing is used to decide if the square neighbor-
hood of the current pixel is homogeneous and, therefore,
simple averaging is appropriate for both optimal value es-
timation and computational efficiency. In case of hetero-
geneity, the NLM algorithm is applied for the estimation
of the central pixel value.

2.1. Statistical Homogeneity Testing

The proposed image denoising algorithm operates lo-
cally: The imageI is sequentially scanned and for each
pixel p = (i, j), the presence or absence of homogeneity
is statistically decided based on itsn × n square neigh-
borhoodNn(p), wheren is odd. By assuming that the
image noise is approximately white Gaussian, a homoge-
neous neighbourhoodNn(p) is considered a sample of size
N = n× n of a normal random variable with meanµ and
varianceσ2. According to the above formulation, the max-
imum likelihood (ML) ratio hypothesis test gives

Nn(p) is homogeneous, if Ŝ2 ≤ (1 + C)σ2 , (1)

whereŜ2 is the sample variance ofNn(p) and Î(p) the
sample mean ofNn(p) [2].

ParameterC is determined by the significance level of
the test (i.e. the probability of wrongly accepting ho-
mogeneity), based on the fact that the random variable
NŜ2/σ2 is distributed according toχ2

N−1, under the ho-
mogeneity hypothesis.

If Nn(p) is decided to be homogeneous, then the true
value of pixelp is estimated by the sample mean ofNn(p)
which is the best estimator (unbiased and of minimum vari-
ance) for the case of Gaussian noise.
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2.2. Non Local Means Denoising

Non Local Means (NLM) is a relatively recent image
denoising method that achieves excellent noise reduction
while, at the same time, preserves image information en-
coded in intensity changes (edges) [3]. This is accom-
plished by exploiting the intrinsic pattern redundancy of
the images i.e. the repetition of relatively small number of
spatial patterns over the image space. Indeed, if the same
spatial pattern is available in many noisy copies then their
averaging is the most appropriate operation for the restora-
tion of their original value. However, for a given spatial
pattern (the neighborhood of a pixel, for example), the lo-
cations of similar patterns is not known in advance, and
therefore, a search operation is needed. During the search,
the similarity between the neighborhoods is evaluated and
used for the computation of the restored values.

In mathematical terms, the restored value of each image
pixel p, Î(p), is computed as the weighted average of all
image pixel intensities,I(q):

Î(p) =
∑

q∈DI

w(p, q) I(q) , (2)

whereDI = {(i, j) : 1 ≤ i ≤ Nr, 1 ≤ j ≤ Nc} are the
spatial coordinates of a pixel in theNr-row byNc-column
imageI. The weightw(p, q) in Eq. (2) is determined by
thesimilarity of the neighborhoodsN (p) andN (q).

w(p, q) =
1

Zp

exp

(

−
d(p, q)

h2

)

, (3)

whereZp is a normalizing constant so that
∑

q w(p, q) =
1, andd(p, q) is the Euclidean distance between the square
neighborhoods centered atp andq, respectively. Param-
eterh controls the decay of the exponential function and
should be proportional to the noise variance,σ2 [4]. Typi-
cal values ofh2 belong to the interval[0.8σ2, 1.2σ2].

2.3. Heterogeneity-based NLM

In the proposed denoising method, the square neighbor-
hood of every pixelp, N (p) is processed in order to be
decided if it contains structure or not (Section 2.1).

The absence of structure inN (p) (homogeneity) means
that all its pixels have the same initial intensity and, hence,
all variation is due to noise. Therefore,N (p) can be con-
sidered to be a sample of sizeN = n × n of a normal
(Gaussian) random variable with meanµ and varianceσ2.
In this case, the optimal estimator of the restored value of
p, Î(p) is the sample mean ofN (p), Ī(p).

On the other hand, the presence of structure inN (p)
(heterogeneity) indicates that there is an unknown struc-
tural pattern which in combination with noise is responsi-
ble for the observed intensity variation inN (p). In this

case, the following variation of the NLM method is ap-
plied: the restored value of each image pixelp, Î(p), is
computed as the weighted average of all image pixel in-
tensities,I(q), the neighborhood of which,N (q), is het-
erogeneous (Eq. 1). In addition, in order to further re-
duce the computational burden of computing the similar-
ity of neighborhoods as implied by Eq. (3), we apply the
pixel selection rule proposed in [5]. According to this rule,
the similarity between two neighborhoods,N (p), N (q) is
worth the computation if they have almost equal mean val-
ues and variances. In this way, Eq. (3) becomes

w′(p, q) =















1
Zp

exp
(

− d(p,q)
h2

)

if µ1 < Ī(p)
Ī(p)

< 1
µ1

σ2
1 < Var(p)

Var(q) < 1
σ2

1

0 otherwise,
(4)

whereµ1, σ1 are parameters with typical values0.95 and
0.5, respectively. Therefore, the final restored value of
pixel p with heterogeneous neighborhood is given by

Î(p) =
∑

q∈Ωp

w′(p, q) I(q) , (5)

whereΩp = {r ∈ DI : N (r) is heterogenious}.

Figure 1. Top: Synthetic (left) & real (right) short-axis
CINE cardiac images.Bottom: Fetal MR images. Trans-
verse T1 (left) & T2 (right).

3. Results

Several combinations of the involved parameters such as
the neighborhood size, the significance level of the homo-
geneity test, and the smoothing parameterh were tested.
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The proposed algorithm was applied to synthetic and real
MR images. Fig. 1(Top) shows a noisy synthetic (left)
and a real frame (right) from CINE short-axis cardiac se-
quences. The synthetic cardiac sequence was created by
the MRXCAT simulator [6]. Real fetal MR images (9.4T,
T1- & T2-weighted) are shown in Fig. 1 (Bottom).

A qualitative indicator of the denoising performance of
the proposed method is themethod noise image (MNI) de-
fined as the difference between the noisy image and the
denoised one [3]. MNIs should ideally contain only pure
noise without any structural information. This is confirmed
in Figs 2 (top right) and 4 (top & bottom right).

Figure 2. Top Row: Left: Heterogeneity Map of image at Fig. 1(left),
Right: Correspondingmethod noise image, Bottom Row: The ROI con-
taining LV and RV regions before (Left) and after (Right) denoising.

As expected the computational demands are signifi-
cantly lower than the original NLM method. The speedup
factor ranges between 2 to more that 50 depending on the
percentage of heterogeneous areas of the input image.

Figure 3. Left: A ROI in the real CINE image in Fig. 1 (right), and
Right: the corresponding ROI in the denoised image.

4. Conclussions

A novel edge preserving denoising method that com-
bines local statistical homogeneity testing with the Non

Figure 4. Denoised fetal images & corresponding method noise.

Local Means method was proposed and preliminary results
on fetal and cardiac MR images were shown. The compu-
tational demands of the method were significantly reduced.
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